It is well known that ovarian steroids exert stimulatory or inhibitory action on the secretion of gonadotropin in response to their dosages used as well as to the duration of their application (Greep and Jones, 1950; Sawyer, 1964) . The increase of luteinizing hormone (LH) secretion after bilateral ovariectomy is inhibited by a long term administration of or by intrahypothalamic implantation of ovarian steroids (Davidson and Sawyer, 1961; Kanematsu and Sawyer, 1963; Lisk, 1962a and b; Ramirez et al., 1964) , indicating an inhibitory (negative) feedback effect of the steroids. On the other hand, both estrogen and progesterone induce or advance ovulation in pregnant or normal cyclic rats (Everett, 1944 (Everett, , 1947 (Everett, , 1948 , and release of LH is also facilitated by intrahypothalamic implantation of these steroids (Palka et al., 1966) , demonstrating a stimulatory (positive) feedback effect of the steroids.
Our previous work (Miyake, 1968; Kobayashi et al., 1968; Hori et al., 1968; Uchida et al., 1969) elucidated the chronologic relationships between ovulatory surge of LH and ovarian steroids secretion during the estrous cycle in rats, and demonstrated that the estrogen secretion started to increase on the afternoon of the 2nd day of diestrus (the day before proestrus: diestrus II); that it kept increasing through the morning of proestrus and continued the maximal secretion for about 6hrs., and rapidly decreased during the critical period of LH release, which occurred between 5 and 7p.m. on the day of proestrus under our laboratory conditions. It is assumed from these results that estrogen stimulates LH release from the pituitary in normal estrous cycle. This communication deals with the action of progesterone to cause a delay of ovulation in rats and the effects of various estrogens and other steroids on LH release and ovulation in the rats pretreated with enough progesterone to cause a 48-hr . delay of ovulation. Parlow (1961) as described in the previous report (Kobayashi et al., 1968) . The plasma was injected into the tail vein of the test animals (Sprague-Dawley strain) at a volume of 3ml per rat. The response of OAAD occurred 1.5hrs. after the injection was compared with that produced by a LH standard (NIH-LH-S3), the two dosages (0.1 and 2.0 a 3-point assay design. Estimation of the potency was made by a standardized statistical method for parallel line assay (Bliss, 1956) .
Results

Effect of progesterone on spontaneous ovulation
Effects of a single subcutaneous injection of progesterone, 5mg per rat, at varying times during an estrous cycle on the spontaneous ovulation are presented in Table 1 . When progesterone was injected at 5a.m. on the day of proestrus or at a later hour, most of the rats ovulated on the next morning (estrus) and the average number of ova ovulated was in the normal range. When the rats were treated with progesterone on the day of estrus or diestrus I (metestrus) and inspected on the day corresponding to the following estrus, it was found that the number of the ovulated rats as well as ova ovulated per rat decreased. In contrast with these results, progesterone given between at 11 a.m. on the day of diestrus II and at 2a.m. on the day of proestrus completely inhibited spontaneous ovulation which was expected to occur on the day of estrus. Vaginal smears taken from the rats that did not ovulate showed no sign of cornification at autopsy. These results indicated that, in normal cyclic rats, progesterone inhibited the ovulatory surge of LH, which was expected to start at 5p.m. on the day of proestrus, when the steroid was injected on the day before proestrus. In the next experiment, a group of rats were injected with progesterone at 11a.m. on the day of diestrus II and autopsied at 48, 72, 96 or 120hrs. after the treatment for inspection of ovulation. The results are presented in Table 2 . All of the Table 1 . Effect of progesterone injected at varying times on the spontaneous ovulation in rats. controls receiving sesame oil alone ovulated normally and their cornified vaginal smears were taken 48hrs. after the injection. The rats receiving 1mg of progesterone, however, did not ovulate at all for 48hrs. after the treatment, but ovulated 72hrs. after the injection. Furthermore, the rats receiving an injection of 3mg of progesterone did not ovulate for 72 hrs., but ovulated 96hrs. after the treatment. These results clearly indicate that progesterone injection at 11a.m. on the day of diestrus II does not completely block ovulatory surge of LH, but it delays LH release by 24hrs. at a dosage of 1mg and by 48hrs. at 3mg.
Effects of certain steroids on progesterone-delayed ovulation Effects of estrogenic compounds on delayed ovulation caused by progesterone are presented in Table 3 . Of the control rats, which were injected with sesame oil alone 24hrs. after priming of 3mg of progesterone at 11a.m. on the day of diestrus II, only 5 out of 60 rats showed ovulation 72hrs. after the progesterone well as estrogen has the activity to restore the delayed ovulation, but the optimal time and the dosage of progesterone injection to obtain a positive result are quite different from those of estrogen.
Changes of plasma LH level after treatment with progesterone and estrogen These data indicate that the period of delay or restoration of LH release was consistently 24
hrs. and the peak of LH release was observed always at 7p.m. regardless of the scheduled time of steroid administration.
Discussion
The results in the present study are summarized and illustrated in Figure 1 . A subcutaneous injection of progesterone (3mg per rat) into the 4-day cyclic rats at 11a.m. on the day of diestrus II caused a 48-hr. delay in LH release and ovulation. This delayed ovulation was restored in 24hrs. with an injection of estrogen given 24hrs. after the progesterone treatment. Progesterone itself also had the activity to bring back the delayed ovulation in 24hrs., when injected 48 to 54hrs. after the initial progesterone treatment. The LH concentration in me circulating blood of any rats receiving progesterone alone, progesterone followed by an additional injection of estrogen, or progesterone followed again by an additional injection of progesterone reached the peak always at 7p.m. on the day before ovulation, which was the same hour as that observed in normal cyclic rats (Kobayashi et al., 1968) . This indicates that the date for ovulatory surge of LH was altered but the time was not changed at all by any ovarian steroid treatment.
Recently, Krahenbuhl and Desaulles (1967) II. This discrepancy is probably due to the difference of the strain of the rat tested and dosages of progesterone used. Using 5-day cyclic rats, Everett (1948) demonstrated a 24-hr. advancement of ovulation by injecting estrogen on the 2nd day of diestrus or by giving progesterone on the 3rd day of diestrus.Progesterone, however, did not advance ovulation at all in the rats showing a 4-day cycle and caused a 24-hr. delay, when administered on the 1st day of diestrus. It was, therefore, assumed that progesterone produced 5-day cyclers temporarily. If this assumption is acceptable, the result in our experiment serves to illustrate that the ovulation of temporarily produced 5-day cyclers can be accelerated by about 24 hrs .
either by estrogen given on the 2nd day of diestrus or by progesterone administered on the 3rd day of diestrus, if the day of progesterone priming is designated to be made on the 1st day of diestrus, which coincides well with the findings of Everett (1948) in normal 5-day cyclers . It is acceptable to consider the diestrus II , the day of progesterone priming for the induction of delayed ovulation, as the 1st day of diestrus in a resultant temporal 5-day estrous cycle , because spontaneous increase in progesterone secretion manifests on the 1st day of diestrus in normal 4-day cyclers (Uchida et al., 1969) . one is the inhibition of hypothalamo-hypophyseal function related to the secretion of gonadotropin which stimulates the secretion of estrogen, and the other is the direct effect of the steroid on the ovary to inhibit biosynthesis and/or release of estrogen. However , the spontaneous ovulation was not inhibited by progesterone administered on any day of the cycle except diestrus II, indicating no direct action of progesterone on the ovary. An acute effect of ovariectomy (Schwartz, 1964; Kobayashi et al., 1969) or hypophysectomy (Lawton and Sawyer, 1968) progesterone administered in diestrus II affects the neural mechanism concerning the secretion of gonadotropin, which is responsible for estrogen secretion (Hori et al ., 1968) , and thus inhibits indirectly the secretion of estrogen . It is further assumed that a certain amount of estrogen secreted before midnight between diestrus II and proestrus is indispensable for the ovulatory surge of LH on the afternoon of proestrus, because progesterone injected before that time completely inhibits the spontaneous ovulation. Progesterone promoted the release of LH within a few hours when given at an optimal time, which was decided to be between 48 and 54hrs. after the initial treatment with progesterone that effected a 48-hr. delay in ovulation in the 4-day cyclic rats. This finding was substantiated by the fact that the peak of a preovulatory LH level in the blood consistently seen at 7p.m. of the day before ovulation was relatively low in cases of delayed ovulation caused by progesterone and its acceleration by estradiol, whereas it was obviously as high as the level seen in the normal ovulation (Kobayashi et al., 1968) in the case of progesterone acceleration to the delayed ovulation (Table 5 ). This agrees well with the results of Nallar et al . (1966) who demonstrated an extremely high plasma level of LH at proestrus in 4-day cyclic rats treated with progesterone in late diestrus or in proestrus as compared with that in the controls. Progesterone is effective to advance ovulation in 5-day cyclic rats, when the steroid is given before 2p.m. and not after 4p.m. under the lighting regimen of 14-hr. light from 5a.m. to 7p.m. (Everett and Sawyer, 1949) . In our experiment, a complete recovery of delayed ovulation was attained only when progesterone was administered before 5 p.m., when ovulatory surge of LH started to occur in proestrus under our lighting condition (Kobayashi et al., 1968) , but no restoration of ovulation was observed by the injection of the steroid at 9p.m. These results indicate that the neural stimulus for LH release can be activated by progesterone only at the critical time, which is adjusted by the lighting cycle. The existence of this neural timing mechanism in the central nervous system (CNS) is also supported by the fact that the rats having delayed or restored ovulation under the influence of ovarian steroid administration have shown the peak of LH concentration in the blood always at 7p.m., the time of which is the same as that for ovulatory surge of LH normally occurring on the day of proestrus.
From the above facts, the relationship between the secretion of ovarian steroids and the release of LH at the critical period of proestrus in normal estrous cycle is assumed as follows. The time of LH release is adjusted mainly by the environmental factors, especially the lighting cycle, and it is independent from the level of ovarian steroids in the blood. Estrogen starts to secrete on the day before proestrus, and it stimulates the primary mechanism of LH secretion in CNS, presumably hypothalamohypophyseal axis, to accelerate the biosynthesis of LH in anterior pituitary and to induce the initial release of LH at the critical period on the next day (proestrus). The released LH stimulates the secretion of progesterone in the ovary, and the progesterone, in turn, stimulates a final process in the neural mechanism for LH release to induce full activity of CNS, which results in further release of LH.
